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Although progress in the characterization of the OM has recently been reported, detailed protein 31 composition of this subcellular localization has not been clearly defined for most pathogens. 32
Salmonella enterica serovar Typhimurium is not only a leading cause of human gastroenteritis in 33 high-income countries but is also one of the main causes of invasive non-typhoidal salmonellosis 34 (iNTS) in middle-and low-income countries. The incidence of non-typhoidal salmonellosis is 35 increasing worldwide, causing millions of infections and deaths among humans each year. 36
Regrettably, antimicrobial resistance to a broad spectrum of antibiotics is common among non-Typhi 37
Salmonella strains. Therefore, the development of vaccines targeting this leading invasive pathogen 38 is warranted. In the present study we have identified the OM protein profile of the virulent S. 39
Typhimurium strain SL1344 by means of sarkosyl extraction. 40 41
Introduction 42
Salmonella enterica serovar Typhimurium is a common facultative intracellular pathogen that 43 causes food-borne gastroenteritis around the world. In high-income countries such gastrointestinal 44 disease is rarely life-threatening and is normally self-limiting. Nausea, vomiting, profuse watery 45 diarrhea, and abdominal pain are the usual clinical manifestations in immune-competent individuals 46 [1] . According to the 2013 annual report of the Rapid Alert System for Food and Feed (RASFF) of the 47 thereby facilitating dissemination throughout the body, and reaching strategic organs like the liver or 74 spleen [11] . During this process, infected individuals and animals expel this pathogen through their 75 feces. In regions with poor sanitation systems, these bacteria can then contaminate water sources 76 and food, thus spreading and infecting larger populations. From the point of view of induction of 77 antibody production, the ability of S. Typhimurium to survive and replicate inside macrophages 78 represents a challenge for vaccinology, since humoral immunity plays a key role in dealing with 79 extracellular bacteria [12, 13] . 80
Based on the observation that most bacterial vaccines inducing protective antibodies are 81 mainly constituted by highly expressed, surface-exposed antigens and/or secreted toxins [14] , the 82 identification of such components in a bacteria can provide invaluable information. Thus, outer-83 membrane proteins (OMPs) are among the most obvious targets for protective immune response, 84 particularly for subunit vaccine research, primarily because they are surface exposed and can 85 therefore be recognized by the host immune system. It has been estimated that about 2-3% of the 86 genomes of Gram-negative bacteria encode integral OMPs, and a significant proportion of these are 87 expressed ubiquitously [15] . Taking into account all this information, together with the low protein 88 complexity of the outer membrane (OM), it can be defined as an excellent subcellular fraction to be 89 targeted by shotgun proteomics. 90
With regard to the current methodological approaches for OMPs extraction, several methods 91 are currently available. Nonetheless, purification of OMPs to homogeneity, that is, being free of inner 92 membrane, cell wall and cytoplasmic proteins, is challenging. In this sense, the sarkosyl extraction 93 protocol has shown to be the most effective and selective method when compared with others 94 (glycine extraction, differential detergent extraction using Triton X-100, serial extraction using 1M 95
Tris pH 7, spheroplasting by lysozyme and sonication, and carbonate extraction) [16, 17] . This 96 protocol uses N-lauroyl sarcosinate (sarkosyl) in order to achieve a better enrichment of OMPs in the 97 samples obtained: this compound is an ionic detergent that preferentially solubilizes the inner 98 membrane rather than the OM. Thus, after differential centrifugation, the OM is left as an insoluble 99 
Cultures and media 119
The S. Typhimurium strain ATCC SL1344 was grown in Luria-Bertani (LB) medium at 37 °C 120 with shaking until it reached the exponential phase at an OD 600 of 0.6. Two independent cultures 121 were obtained and further processed for protein extraction. 122
Preparation of outer membrane protein extracts 123
OMPs extraction was performed by means of the N-lauroyl sarcosinate (also known as 124 sarkosyl) method [18] . Briefly, Salmonella cells were harvested from 200 mL of exponential cultures 125 (O.D. = 0.6) by centrifugation at 4 °C and 3500 x g. Cells were cleaned twice in PBS in order to remove 126 any medium residue. Afterwards, cells were resuspended in 6 mL of 10mM Tris, pH 8.0 and NaCl 1%. 127
At this point the cells were disrupted by sonication during 15 minutes (in cycles of 59 seconds on and 128 59 seconds off). After cell disruption the samples were centrifuged at 4 °C and 3500 x g in order to 129 remove any cell debris. The supernatants were collected and transferred into ultra-centrifugation 130 tubes and samples were centrifuged at 100.000 x g for one hour at 4 °C in a Sorvall MS-150 micro-131 ultracentrifuge (Thermo Scientific) using a S50-ST rotor. After this centrifugation step, the 132 supernatants were discarded and the pellets were resuspended in 1% of freshly prepared sarkosyl 133 solution and incubated during 60 minutes at room temperature with gentle agitation. After 134 incubation, the samples were again centrifuged at 100.000 x g for one hour at 4 °C, and the resulting 135 pellets were cleaned twice with 10mM Tris, pH 8.0 and NaCl 1%. Lastly, after the final centrifugation 136 step the pellets were carefully resuspended in 500 L of milliQ water. The protein concentration was 137 estimated with the 2D-Quant Kit from GE Healthcare (Fairfield, Connecticut, USA). 138
SDS-PAGE 139
Salmonella OMP preparations were analyzed by SDS-PAGE using a gel casting system (Bio-140
Rad tetra cell) and 12.5% isocratic Laemmli gels. Approximately 75 g of protein were loaded in each 141 lane. Gels were run at constant amperage (20mA) until the bromophenol blue tracking front had run 142 off the end of the gel. Gels were stained with 0.1% Coomassie blue R-250 dye at room temperature 143 for 30 minutes, and then distained overnight with 10% acetic acid in distilled water. The range of 144 OMP molecular weights was estimated from a standard size marker (Benchmark TM protein ladder, 145
Invitrogen (Chicago, USA)). 146
In-Gel Tryptic Digestion 147
The Coomassie-stained lanes were cut into 10 equal bands, and immediately distained and Gel pieces were digested overnight with 6 ng/μL trypsin at 37 °C. The peptide extraction was 155 carried out with three consecutive washes with 1% formic acid for ESI analysis. The eluted peptides 156 were dried in a SpeedVac and stored at −20 °C until analysis by mass spectrometry. 157
Mass Spectrometry (MS) Analysis 158
For GeLC-MS/MS analysis, the digests of the SDS-PAGE lanes were analyzed on an AmaZon 159 ETD Ion Trap mass spectrometer (Bruker Daltonics), coupled to a nano-HPLC system (Proxeon). 160
Peptide mixtures were first concentrated on a 300 mm i. Proteins were identified using Mascot (Matrix Science) to search in the NCBInr (July 2014). 169
The search was restricted to the Salmonella taxonomy entry and contained 622.410 sequences. First, 170 common contaminants (tryptic autolytic fragment-, keratin-, and matrix-derived peaks) were 171 removed using the contaminants database available in the Mascot search engine. MS/MS spectra 172 were searched with a precursor mass tolerance of 0.4 Da, fragment tolerance of 0.7 Da, trypsin 173 specificity with a maximum of one missed cleavage and methionine oxidation was set as variable 174 modification. Replicate analyses of all the LC-MS/MS analysis, using independent biological replicas, 175
showed ≈ 80% coincidence indicating a high level of reproducibility. In order to ensure that the data 176 are reliable a decoy database was used. In this sense the searches were repeated using identical 177 search parameters against a database in which the sequences had been reversed or randomized [24] . 
Identification of the OMPs 221
After OMP extraction, proteins were separated by SDS-PAGE. Two biological replicas were 222 processed and each was loaded into a different lane, which was cut into 10 pieces and analyzed by 223 LC-MS/MS. Using this approach about 42315 MS/MS spectra were acquired for replica 1 while 45331 224 MS/MS spectra were acquired for replica 2. Searches were performed with MASCOT using the 225 Salmonella taxonomy entry from the NCBInr database. However, since not all the entries had their 226 corresponding entry to the SL1344 strain, a BLAST search was carried out each time against the 227 SL1344 strain in order to generate a list with the SL1344 entries. 228
The Information Table S1 ). 235
Then, we grouped together the peptides into proteins and a total of up to 180 different ORFs were 236 identified (Supporting Information Table S2 The first and most notable result was the experimental evidence of proteins the existence of 246 which had not previously been demonstrated. Indeed, 21 of the total proteins identified were 247 annotated as hypothetical proteins (Supporting Information Table S2 ). As the existence of these 248 proteins had been predicted only by means of in silico methods, herein we provide the first 249 experimental evidence of their synthesis. Concerning the remaining 160 proteins, these were 250 classified according to their major or putative function. The resulting classification is detailed in 251 Supporting Information Table S1 but Table 1 To the contrary, we used the sarkosyl extraction method, described as the purest and most 285 reproducible methodology, and from the total of 180 proteins we identified 50 which were 286 categorized as OMPs with the PSORTb, as described in the next subsection "3.3 Prediction of the 287 subcellular location". This fraction corresponds to 27.8%, a much higher value in comparison with the 288 previous findings. Thus, neither of the previous studies used specific accurate methods for OMP 289 extraction, hence justifying the important differences observed between their findings and our 290 results. Moreover, the data of these previous reports could not be checked with the genome of S. 291 Typhimurium SL1344 since it had not been published until 2012 [22] . 292
In order to specify which proteins could be considered as OMPs, we conducted a search of 293 the bibliography regarding each of the 180 proteins identified in the present study. The information 294 available regarding their function and previous analysis revealed that 61 proteins (33.9%) should be 295 considered as OMPs (Table 1) . Thus, in comparison with the abovementioned reports, this 296 percentage represents an increased value and indicates the greater appropriateness of the sarkosyl 297 methodology. 298
Prediction of the subcellular location 299
To further complement the information obtained in the present study, we also investigated 300 the subcellular location of all the 180 proteins identified by two different approaches: we used the 301 PSORTb v3.0 prediction server and, next, we also searched for the annotated subcellular location, if 302 available, from the Uniprot database (Table 2) . A total of 158 proteins were classified in a particular 303 bacterial location using the PSORTb prediction software versus the 141 classified according to the 304 information reported in the Uniprot database. Details of the predictive results obtained from the 305 analysis of the PSORTb software can be found in Supplementary Information Table S2 . According to 306 the prediction, 65 proteins (36.1%) were located in the inner membrane, 50 (27.7%) in the OM, 30 307 (16.6%) were cytoplasmic, 10 (5.5%) extracellular, 2 (1.1%) periplasmic and the remaining 23 (12.7%) 308 proteins had an unknown location (Figure 1 ). Among the latter group 8 proteins were predicted to be 309 non-cytoplasmic, although PSORTb was unable to specify the subcellular location. 310
Thereafter, we aimed to compare the results obtained from the predictive software with the 311 information available in the Uniprot database in order to determine their potential contribution 312 (Table 2 ). In terms of the 65 inner membrane proteins predicted by PSORTb, only 14 were equally 313 annotated in their corresponding entries in the Uniprot database. Of the remaining 51 proteins, 38 314 showed membrane location although no distinction between inner or outer membrane was stated, 2 315 were related to the flagellum basal body, 1 corresponded to the nitrate reductase complex, and 10 316 did not have any specified location. The PSORTb predicted that 50 proteins are located in the OM 317 
